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Aftershocks
2
Omori (1894)  
3
1891 Nobi Earthquake of M8.1  
The Omori-Utsu formula 
for aftershock decay rate
ｔ :Elapsed time from the mainshock
Ｋ，ｃ，ｐ :constant parameters
Utsu (1961)
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1891 Nobi (M8) Aftershock freq.Utsu (1961, 1969)
Data from Omori (1895) and Utsu (1969)
5
Ogata (1983, J. Phys. Earth)
6
Utsu (1969)
Utsu & Seki (1954)
log L = 0.5M – 1.8
log S = 1.02M – 4.01
7
Utsu (1970, Geophys. Bull. Hokkaido Univ.)
Standard aftershock activity:
Occurrence rate of aftershock of Ms is
p=1.3, c=0.3 and b=0.85 are median estimates.
The constant 1.83 is the best fit to 66 aftershock 
sequences in Japan during 1926-1968 
during 1 < t < 100 days (M0>=5.5), where
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Utsu (1970) Secondary Aftershocks
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Omori-Utsu formula:
=
(Ogata, 1986, 1988)
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Maximum Likelihood Estimates
Omori-Utsu 
formula:
µ
µ
Ogata(1988,JASA)
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Ogata(2003,JGR)
(Ogata,1998,AISM)
Off the East coast of Izu Peninsula Swarm
TIME
TIME
D
E
P
T
H
D
E
P
T
H
L
A
T
IT
U
D
E
LONGITUDE
L
A
T
IT
U
D
E
M5.7
16
Izu
Pen.
11-2
Elapsed days from 16 APR 1998E
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Diagnostic Analysis 
by 
Time Transformation
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   M6.2, 2003 July, depth 12km
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Change-Point 
Analysis
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1997 Kagoshima NW Earthquake
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Earthquake
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The mainshocks location of
 investigated Aftershock activity 28
The mainshocks location of
 investigated Aftershock activity
The subsequent large earthquakes
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Ordinary
Relative Quiescence
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　(Collaborative with Shinji Toda)
The November 2006 
and January 2007 
Kuril Earthquakes 
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Background seismicity oﬀ Kuril Island and aftershocks 
of the November 2006 great earthquake of M8.3
USGS/NEIC 1973-2006.11.14
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Background seismicity oﬀ Kuril Island and aftershocks 
of the November 2006 great earthquake of M8.3
USGS/NEIC 1973-2006.11.14 2006.11.15-2007.1.13
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Background seismicity oﬀ Kuril Island and aftershocks 
of the November 2006 great earthquake of M8.3
USGS/NEIC 1973-2006.11.14 2006.11.15-2007.1.13
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Before Thrust
After Thrust
coupled
Lay, Astiz, Kanamori and Christensen, 1989, PEPI
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Aftershock activity of 15Nov2006 event （M8.3）
41
AB
A
B
M >= 4.6
42a
AB
A
B
M >= 4.6
42b
AB
A
B
All detected 
events
43a
AB
A
B
All detected 
events
43b
A B
Receiver – 
Normal faulting
Receiver – 
Thrust faulting
44
The 2004 Chuetsu 
Earthquake
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The March 
2007 Noto 
Peninsula  
Earthquake
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The 2005 Off coast of Western 
Fukuoka-Ken Earthquake
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• The ETAS model summarizes the seismicity due 
to triggering effect within the contiguous 
hierarchical complex faults. 
• Deviations of the seismic activities from the 
predicted rate by the ETAS model are useful to 
detect regional stress changes. 
• The respective deviations are explained by the 
changes in Coulomb failure stresses that are 
caused by seismic or aseismic slips. 
Summary with the ETAS model
Software and manuals are available at
http://www.ism.ac.jp/~ogata/Ssg/
softwaresE.html
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Thank you very much 
for listening
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Software and manuals are available at
http://www.ism.ac.jp/~ogata/Ssg/
softwaresE.html
